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Abstract: As the efficiency measuring and analyzing is a crucial problem in modern enterprise management, this paper
focuses on the problem of small and medium enterprise financing efficiency analyzing, and we proposed an improved
DEA model based on stepwise regression to tackle this problem. Data envelopment analysis technology can calculate the
efficiency of each decision making unit relative. Hence, DEA can provide an efficient frontier or envelop for all considered decision making units rather than fitting a regression plane through the center of the data. To solve the limitations in
traditional DEA model, we propose an improved DEA model using the stepwise regression technology which has the ability to automatically select variables for the DEA model. To test the effectiveness of our proposed DEA model, 120 small
and medium enterprises of China in 2010-2013 is chosen to construct a dataset, and this dataset are collected from the annual reports of sample firms. In particular, in this experiment, the input indexes we used are (1) Total assets of an enterprise, (2) Main business cost, (3) Asset liability ratio. On the other hand, the output indexes are (1) Rate of return on net
assets, (2) Main business income, and (3) Total assets turnover. Combining all the experimental results, some suggestions
to enhance the small and medium-sized enterprise financing efficiency in China are offered.
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1. INTRODUCTION
Small and medium enterprise plays a very important role
in the development of national economy. However, there are
several problems in the development of small and medium
enterprise [1]. Hence, it is of great importance to tackle the
financial difficulties of small and medium enterprises and
then let the small and medium enterprises to rapidly growth.
Particularly, how to effectively solve the financing dilemma,
eliminate financing barriers and enhance financing efficiency
is a new topic which the whole society should face and solve
[2, 3]. As is well known that Funding is a key part for any
business survival and development, and it is a key driving
force for small and medium enterprise [4]. Furthermore, the
financing process may cover the entire process of enterprise
operation and development. Financing process is composed
of both the integration of capital and capital utilization.
In order to provide useful guidances for small and medium enterprise, there are four important problems we
should face, that is, 1) how to establish a reasonable financing size and structure, 2) how to develop the best financing
policy, 3) how to reduce financing cost and risk, and 4) how
to promote financing efficiency [5, 6]. In recent years, more
and more attentions have been paid for small and medium
enterprise to enhance the credit and the service quality, and
then the financing efficiency of it could be promoted [7].

Data Envelopment Analysis (DEA) refers to a nonparametric approach to estimating system efficiency, which
exploits the tools of mathematical programming, that is, linear programming [8]. Data envelopment analysis is firstly
designed to estimate the efficiency of a decision making unit
as a whole unit, without requiring the internal structure [9].
Particularly, the system is regarded as a black box. The aim
of data envelopment analysis is the division of observed subjects into efficient and inefficient objects on the basis of the
size of consumed inputs, and the quantity of the outputs [10].
The rest of this paper is organized as follows. The next
section gives the related literature about the application of
the Data Envelopment Analysis model. Section 3 provides
the statement of the efficiency measuring and analyzing
problem. In section 4, the improved DEA model is presented. Performance evaluation is conducted in section 5,
and the conclusions are illustrated in the final section.
2. RELATED WORKS
Data envelopment analysis can estimate the efficiency of
each decision making unit relative to other similar ones.
Therefore, DEA gives an efficient frontier or envelop for all
considered decision making units rather than fitting a regression plane through the center of the data. Currently, data
envelopment analysis has been applied to a variety of research areas. In this section, we will introduce the related
works about the applications of data envelopment analysis.
Tueselmann et al. used the DEA technology to assess research outputs published in journals. This paper consolidates
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existing journal rankings exploiting random forests and data
envelopment analysis [11].

3. STATEMENT OF THE EFFICIENCY MEASURING
AND ANALYZING PROBLEM

Jain et al. studied on weight restrictions in data envelopment analysis. Particularly, this paper proposed a genetic
algorithm based method for weight restrictions to combine
dual role factor and organizational hierarchy in decisionmaking. There are two main innovations in this paper, 1) the
proposed method involves finding a set of weights which are
at a minimum distance from all the decision making preferences. 2) this method is flexible and can produce a common
set of weights and decision making unit specific weight restrictions at the same time [12].

The efficiency measuring and analyzing is a crucial problem in modern enterprise management, and in this section we
will describe this problem in detail.

Kaveh et al. proposed a customized data envelopment
analysis approach to tackle the return to scale problem in the
presence of uncertain data. Note that, the uncertainty of the
inputs and outputs are modeled with interval data and the
emissions are supposed to be undesirable outputs. Particularly, this modified DEA model can estimate the interval
efficiency scores of the DMUs and then provide an effective
benchmark to promote the efficiency scores [13].
Fang et al. aimed to solve the cost efficiency problem in
data envelopment analysis. In this paper, this paper proposed
a pair of 2-level mathematical programming models to compute the upper and lower bounds of cost efficiency for each
firm in the case of non-unique LoOP prices when keeping
the industry cost efficiency optimal [14].
In paper [15], Pelone et al. put forward a systematic literature review on PC efficiency analysis with the Data Envelopment Analysis technology. The authors have reviewed
39 DEA applications in PC, to investigate how methodological frameworks affect results and influence the information
for decision makers.
Banker investigated the sensitivity and stability for
Banker's model of Stochastic Data Envelopment Analysis. In
particular, in the DEA model, the authors utilize necessary
and sufficient conditions to enhance the efficiency of efficient decision-making units and the inefficiency of inefficient decision making units are collected for different perturbations of data in the proposed DEA model [16].
Different from the above papers, Ustun et al. exploited
the data envelopment analysis technology to compute the
relative efficiency of disaster relief organizations which participated in the relief activities in Turkey at 1999. In particular, the unbounded data envelopment analysis model is utilized to calculate the efficiency scores and optimal inputoutput weights of the decision-making units in these groups
[17].
Apart from the above proposed works, DEA model have
been applied in many other applications, such as performance assessment of electricity distribution companies [18],
Energy Efficiency Hierarchy Evaluation in a Petrochemical
Process [19], Health care [20], measuring sustainability of
industrial parks [21], Marginal rates of substitution in the
presence of non-discretionary factors [22], evaluating decision-making units with fixed-sum outputs [23].
In this paper, we propose a novel modified DEA model,
and use it in the problem of small and medium enterprise
financing efficiency analyzing

Supposing that X ij and Yrj refer to the i th input, r th output and the j th decision making unit. The DEA model is
designed to evaluate the efficiency of a decision making unit
as follows.
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Different from the above model, another method to
evaluate the system efficiency aims to pursue the multipliers
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where the symbol k
denotes a process, and
 ( k ) ( k ) ( k )
(k )
ur , w g , vi , w f are larger than zero, and element r , i, f , g
are belonged to O ( ) , I( ) , M ( ) , N ( ) respectively. By analyzing the system efficiency problem in this section, we will
introduce how to improve the traditional DEA model to
make it be suitable to use in small and medium enterprises
financing efficiency analyzing.
k

k

k

k

4. THE IMPROVED DEA MODEL
Traditional DEA model supposes that decision making
units are evaluated individually, hence, there are several
problems in the traditional DEA model should be tackled.
For example, as the former DEA model concentrates on individual decision making units, the weights of different units
should be estimated accurately.
Assuming that there are a set of n homogenous decision
making units, that is, DMU j , j  {1, 2, , n}. In particular,
X j = (x1 j , x2 j , , xmj ) and Y j = (y1 j , y 2 j , , ymj ) refer to the

vectors of input and output values for the j th decision making unit.
As the performance of the DEA model highly relies on
the selection of input and output variables, and there is no
standard process in DEA to choose a set of input and output
variables. Hence, in this section, we propose an improved
DEA model utilizing the stepwise regression technology that
can automatically select variables for the DEA model. Stepwise regression [24] refers to a routine statistic method used
for variable choosing. Particularly, stepwise regression can
fit much better in sample than it does on new out of sample
data. Generally speaking, in a calibration model, some input
variables do not require an important explanatory influence
on the output variables. Hence, it can be seen that stepwise
regression approach means a combination of forward and
backward processes.
Supposing that there is a data matrix Z with n rows and
p + q columns, in which each row is corresponding to an
observation value and each column is related to a variable.
Then, the multiple regression can be calculated of each variable in the set Y , in which at least q elements are contained. On the other hand, we use X to represent the submatrix which is measured from their respective averages for
the n observations.
We regard the total set of the matrix Z as partitioned to
two sets, that is, X and Y , and then calculate all the results
for multiple regressions to construct a matrix R as follows.
1
 (X T X )1
(X T X ) (X T Y ) 
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1
1
 T
T
T
T
T
T 
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where X denotes the set of provisorily chosen variables,
and Y means the rest of Z . In the stepwise regression process, we should search the predictor X i in advance, which is

s most correlated with the variable Y . Afterwards, based on
the above definition, an improved DEA model using stepwise regression is illustrated as follows.
Algorithm 1: The improved DEA model based on stepwise regression.

1) Executing a single DEA algorithm on a set of provisorily chosen set X and Y
2) Saving the efficiency values for the set of decision making units using a matrix with n rows and p + q columns (denoted as Z = [X , Y ] )

3) Implementing a single DEA model for a set of multiple
regression using Eq.9
4) Choosing independent variables for the decision making
units of the set X
5) Choosing the dependent variables for the set Y
6) Exploiting the Kruskal-Wallis test statistics for the elements in matrix Z, which is ranked by the DEA stepwise
regression algorithm
7) If the Kruskal-Wallis test demonstrates that there still
exists significance difference
8) Then testing the pair-wise significance utilizing the
Conover-Inman procedure
9) End if
In algorithm 1, the Kruskal-Wallis test is implemented
based the above H statistics as follows.

H=

R2
12
  i  3 (n + 1)
n (n + 1)
ni

where the symbol
group,

(10)

Ri means the total number of the i th

ni refers to the scale of the i th group.

5. EXPERIMENT
To make performance evaluation, we choose 120 small
and medium enterprises of China in 2010-2013 to construct a
dataset. The dataset are collected from the annual reports of
sample Firms, including its year-end balance sheet, index in
the profit statement. Particularly, in this paper, we delete ST
shares enterprises, because these enterprises have abnormal
financial status. In addition, we utilize the Global Industry
Classification Standard to classify industries. Furthermore, in
our proposed dataset, there are 26 basic material industries,
56 consumer non-essential industries, 17 consumers commonly used industries, 17 information technology industries,
and 4 public utilities industries.
As we use the DEA model to analyze the enterprise financing efficiency, the number of samples required should
be set at least two times the number of input/output index
according to the experience of DMU. Therefore, the number
of DMU samples is set to be 120 and the number of input/output index is six. All these settings are consistent with
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Table 1. Statistic distribution for the original data of input index.
total assets scale (Billion yuan)

 10

(10, 20]

(20, 30]

(30, 40]

(40, 50]

> 50

Number of enterprises

58

43

7

6

2

4

Main business cost (Billion yuan)

2

(2, 5]

(5, 8]

(8, 12]

(12, 15]

> 15

Number of enterprises

8

41

17

22

7

25

Total assets turnover

 30

(30, 40]

(40, 50]

(50, 60]

(60, 70]

> 70

Number of enterprises

25

31

17

20

17

10

Table 2.

Statistic distribution for the original data of output index.

Rate of return on net assets (%)

0

(0, 5]

(5, 10]

(10, 15]

(15, 20]

> 20

Number of enterprises

8

17

32

41

13

9

Main business income (Billion
yuan)

5

(5, 10]

(10, 15]

(15, 20]

(20, 25]

> 25

Number of enterprises

37

32

15

15

12

9

Asset liability ratio (%)

 0.1

(0.1, 0.2]

(0.2, 0.3]

(0.3, 0.4]

(0.4, 0.5]

> 0.5

Number of enterprises

18

48

21

8

6

19

Table 3.

The overall situation of small and medium enterprise financing efficiency.
Type

Comprehensive efficiency

Pure technical efficiency

Effective or Not

Number of Enterprises

Percentage

Yes

15

12.5%

No

105

87.5%

Yes

21

17.5%

No

99

82.5%

the experience of the DEA model application. Afterwards,
the input indexes we used are (1) Total assets of an enterprise, (2) Main business cost, (3) Asset liability ratio, on the
other hand, the output indexes refer to (1) Rate of return on
net assets, (2) Main business income, (3) Total assets turnover. Next, we illustrate the Statistic distribution for the
original data of input index in Table 1.
Similar to Table 1, we provide statistic distribution for
the original data of output index in Table 2.
According to the above two tables, using the proposed
improved DEA model, the financing efficiency of our
dataset is listed as follows in Table 3.
Afterwards, we utilize the C 2 R model to estimate the
distribution of comprehensive technology efficiency (shown
in Fig. 1).
Next, in Fig. (2), we provide the distribution of pure
technical efficiency under C 2GS 2 model using our proposed
DEA method.
To compare the small and medium enterprise financing
efficiency in different years, we show how the financing
efficiency with the time varying in Fig. (3).

Integrating all the experimental results together, some
rules in the small and medium-sized enterprise financing
efficiency in China can be obtained, and some conclusions
are drawn as the following aspects.
(0.98,1]
(0.92,0.94]

(0.96,0.98]
(0.9,0.92]

(0.94,0.96]
(0,0.9]








Distribution of comprehensive technology efficiency
Fig. (1). Distribution of comprehensive technology efficiency using
the proposed model.
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